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The time is opportune t o  examine and assess  our @owledge of microporosity 
i n  coals and immediately r e l a t e d  materials. 
witnossing the cessat ion of the  B i s h  C o a l  U t i l i s a t i o n  Research Association 
(BCURA) as a Research A s s o c i a t i o n e j ,  this organisation being responsible f o r  
much of our de ta i l ed  knowledge of the organic and physical chemistry of coals. 
Such occesions give rise t o  a response incorporating analysis and appraisal .  

In the United Kingdom we are 

His tor ica l ly ,  i-t is interesting t o  note the paral le l ism of theories of 
-adsorption w i t h  those of coa l  s t ruc ture  giving now a measurement of microporosity, 
i.e. a volume parameter, or e f fec t ive  d a c e  a rea  which haslbeen evaluated 
r o l a t i v e l y  thoroughly frau about 0.04 t o  0.12 cm3 g- , the  minimum occurr- 
ily with the coking Coal8 y? What is not so d e f i n i t e  is the d e t a i l  of the  
s t ruc ture  of microporosity and the  mechanism(s) of change which occur on heat '  
treatment of coals. 
f u s i b i l i t y  w i t h  rank and the  composition of coking blends w e  considered. 

r 
. . 

This i s  e s s e n t i a l l y  a multi-variant problem i f  extremes of 
. .  

' -  This'problem of the  s t r u c t u r e  or character isat ion of microporosity i n  coals 
and carbons is in t r ac t ib l e .  
or Langmuir approach helps l i t t le.  
Eadushkevich (D-R) approach and the  consequences of i t s  app l i cab i l i t y  may give 
s a e  insight into the structure of microporosity. These consequences take one 
into the  realm of statistical d is t r ibu t ions  and it may be possible t o  say some- 
thing of the frequency d i s t r i b u t i o n  of .micropore s i z e  (measured unfortunately not  

Classical adsorption theory, in  the sense of  the BET 
It i s  just conceivable that the Dubinin- 

. in units of length). 

The D-R aoproach, which is not  based upon a theore t ica l  model of adsorption 
pr~~oases, bu t  has a semi-empirical or igin,  in u t i l i s i n g  some of the P o l e  . 
adsorption poten t ia l  theory,  PO t u l a t e s  a r e c t i l i n e a r  re la t ionship between log V. 
(V is a&nnt adsorbed) and (AG) Whereas 
it is imposaible t o  a n t i c i p a t e ,  a priori ,  how such a relat ionship is re l a t ed  t o  M 
adsorption process i t  is  poss ib l e  t o  be more p r a g + . i c  and analyse the consequences. 
These tell ua that the frequency d i s t r ibu t ion  of  micropore volume f i l l i n g  at 
spec i f ic  values of AG has formulation in the  Rayleigh d is t r ibu t ion ,  which i s  a 
d i s t r i b u t i a n  describing some na tu ra l  phenomena. This suggests t h a t  Over the ontin 
micropore voluma there  is a natura l ,  progressive d i s t r ibu t ion  of s i z e  of micropore. 
The s p e c i f i c i t y  of this Rayleigh d i s t r ibu t ion  is reasonably established. 
d i s t r ibu t ions  which descr ibe na tu ra l  phenomena, such as Poisson, Ghss i an  and log- 
normal d is t r ibu t ions ,  have been used t o  'synthesisel  I)-R graphs, and except in  one 
case (a unique se l ec t ion  o f  constants in the Poisson d is t r ibu t ion)  the D-R graphs 
are a l l  non-linear. Although such a conclusion is not dramatic, it suggests that 
the s i z e  d i s t r ibu t ion  of microgorosity i s  random with fonmlat ion.uhich is a s t e p  
forward in the  creat ion of possible  theore t ica l  isotherms which must take such 
matters i n t o  account using summations o f  atom-atom interactions.  

h (AG i s  the f r e e  energy of adsorption). 

Other 

The detai led p i c tu re  of how microoores of d i f f e r e n t  s i z e  a r e  interconnected 
and of any re lat ionship between the  ordered- and disordered carbon atoms (not 
begging t h e  question a t  
t i o n  electron m i c r o s c o p y ~ ~ * 4 )  i s  now available and it wuuld be pleasant t o  have 
these ?roble& solved t o  sone extent  by d i r e c t  visual  inspection. 

his stage) still remains obscure. However, high resolu- 
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The successful descr ip t ion  of micropore volune hinbes upon tiie r ea l i s a t ion  
t h a t  rates of adsorption a r e  tecperature dependent - t hc t  f o r  coa ls  adsorption 
temperctures o f  about 238°K must be used and t k t  the adsorbate :2olecnle must no t  
be too large. The successful descr ip t ion  hinges also upon tine sethod of in te r -  
p re te t ion  of the  isotnerr: obtained at  298'K. 
Badushkevich theory appears sens ib le ,  but i t  has  i t s  critics. 
the problems o f  i n t e rp re t a t ion  of ges zhase adsorption a t  298"i; i s  t o  sttecipt 
adsorption from so lu t ion  a t  298'K. 
assessing the extent of adsorption of solvent as opposed t o  so lu t e  (adsorbate). 
Results w i l l  be presented which i l l u s t r a t e  ( fo r  microporous carbons) t ha t  a .  worth- 
while procedure 'must incorporate ana lys i s  a t  l o w  r e l a t i v e  concentrations, C/C,, 
(equivalent t o  p/p ) and t h a t  one of the simplest of su i t ab le  adsorbates i s  
P-nit o henol. 

oernaps not).  In  t h i s  l a t t e r  technique, nonane is adsorbed on outgassed carbons 
a t  298°K fo r  24 hours, followed by desorption a t  298°K f o r  a fur tkr  24 hours. 
Appreciable quan t i t i e s  of nonane a r e  re ta ined  under these conditions,  the nonane 
molecule evidently entering the  microporosity and being re ta ined  the re  by reason 
of multiple adsorption s i t e s  per molecule. 
sieve ac t ion  is apparent. I 

nonane adsorbed and conoared with micropore volumes obtained from C02 isotherms 
using the D-2  approach and from I?* isotherms (77'K) made p r io r  and subsequent t o  
adsorption of nonane. 
obviously l i m i t e d  by our  lack of prec ise  knowledge of dens i t i e s  o f  adsol-bed phases. 

Assin, tiLe use of Dubinin- 
One way t o  obviate 

Immediately one meets the d i f f i c u l t y  of 

I o L n e  i s  s t i l l  under investigation. Adsorption of nonane at 
298% f ?  appears t o  give r e l i a b l e  micropore volumes f o r  cokes or carbons (coc.ls 

With ultra-microporosity molecular 
The micropore volumes a r e  evaluated from volume of 

The agreement between these three methods i s  good but 

An in t e re s t ing  question, f o r  non-graphi,tic, non-g rqh i t i s ing  carbons, (not 
carbon blacks) i s  the exact mechhism of development of microporosity by chemical 
ac t iva t ion  (gas i f ica t ion  with E20 o r  C02). A review of avkilable evidence leaves 

ordered' as opposed t o  'ordered' carbon atoms. Other f ac to r s  such 2s im?urity 
content, chemical surface heterogeneity, etc. ,  may be more important. 

. much t o  be desired i n  terms of the theory of p re fe ren t i a l  ges i f i cz t ion  of 'dis-  

A considerable investment has been put  i n t o  the  ana lys i s  of microporosity i n  
coals. Safety i n  mines 
i s  re levant  where m a x i m u m  methane content and rates of d i f fus ion  of methane out 
of microporosity a r e  important. Spontaneous combustion must not be  overlooked. 
There are the uses of coal as an adsorbate, but f o r  coal i;self probably what i s  
more important a r e  the  changes occurring on carbonisation (pa r t i cu la r ly  during 
the p l s s t i o  s tage)  t o  produce the  metallurgical coke e tc . ,  o r  the precursor f o r  
ac t ive  carbone and f o r  carbons used as c a t a l y s t s  o r  ca t a lys t  supports. 
these changes may possibly influence coke qua l i t y  - there  i s  yet t o  be acquired 
M understanding of the  improvements i n  coke r e su l t i ng  from the preheating of coals 
p r io r  t o  carbonisation. 
i n  wuch a s c i e n t i f i c  attempt i s  made t o  i r f luence  the chemistry of carbonisation 
with amelioration of product? 
of internal combustion) are c l ea r ly  relevant.  
worthwhile i n t o  the ex t rac t ion  o f  o-rgulic mater ia l s  from coal,  o r  w i l l  i t  not be 
more economical t o  use  coal as a source of carbon f o r  synthesis o f  organic molecules? 

What a r e  the  arezs of app l i cab i l i t y  of t h i s  knowledge? 

Control of 

Is there  an unexplored f i e l d  of "ca ta ly t ic  carbonisation" 

Xechanisms of burning of pulverised f u e l s  ( r a t e s  
Is  fur ther  investment of e f f o r t  

iief ereuces 
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